Climate change & seascape dynamics
in the Mid-Atlantic Bight

John P. Manderson
James J Howard Marine Laboratory, Highlands NJ
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Mid Atlantic Bight Coastal Ocean
Habitat variation forced by weather & climate
(temperature, circulation, primary production)

Labrador current
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Latitude

Seasonal Variability
Time a critical habitat dimension in MAB

11 Year Composite SST Summer/Winter Difference 1995-2005
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Surface temperature trends: buckets on lightships & buoys
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Comparison of 1980s & 2000s
Changes in seasonal patterns of
1° productivity

- Positive anomaly
- Negative anomaly

Earlier spring bloom

Higher summer productivity

Decrease productivity fall offshore bloom
Changes in WC stratification & stability §

O Schofield, Rutgers IMCS



Macroecology

Geographic range shift km y-!

Global Ecology and Biogeography, (Global Ecol. Biogeogr,) (2010) 19, 203-216
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'S Marine range shifts and species
ANALYSIS

introductions: comparative spread rates
and community impacts

Cascade ]. B. Sorte'*, Susan L. Williams' and James T. Carlton?®

19 km y-! 129 marine species show range shifts
N=73 75% shifts poleward

Why are range shifts an order of
magnitude greater in the sea?

0.6 km y!

N=171
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Marine Terrestrial

Species



Seavcatee: Rdhgics&ohentheaswapaeres & gaticassesntsadidnysorganisms
to meetUmpaess regnerahyenesitcainectegddny doomtdrmereiments &
physicalhtyansipeiepikiceskes/1ors tightly coupled to characteristics

of the fluid (e.g. temp, salinity, DO, circulation)
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Population size
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Marine population dynamics & “seascape” dynamics

Atmospheric forcing
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Prey - ___— —

Predators

Processes

Larvae, juveniles, adults
movements, growth, survivorship, spawning
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Regulate Find prey

Metabolism Find refuge:

est & predation Habitat Botto

Structure depth

. Temporal dynamic
~~Weather/climate driven factors have fast-coarse “habitat” dynamics
Control timing of optimal habitat formation & duration

Can have “fragmentation” in time as well as space




Optimal habitats: multiple environmental variables nested in space & time
Time dimension: suitable habitats ephemeral with timings & durations

Coarse-fast factors: Climate driven Fine-slow (or fast) factors
(e.g. Temperature & salinity) (e.g. Habitat structure, predators, prey)
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Optimal habitat
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Adult habitat model Autumn
offshore migration & spawning

Effects on growth, survival &
transport of eggs and larvae?
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= bottom terﬁpéra;:urz: + bottom rougbszitys
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Divergence, 1° productivity, transport
driven by weather & climate Particle trai'fctories in surface curyrents (HF radar)

Probability,of Koo Occurrens%g;i .

42

43.8 days

41 —e Probab

42

Ip!

‘e

40 —

o | T Wl

Latitude

38

37 |-

36, | B2,
Multiple spawning ha S &
larval transport to maultpldhurseries

L

. . ) -76 -74 76 , -74 -72 -70 -68
Diversity of spawning & nursery habitats Longitude




Variability Across Subpopulations

N

% Recruitment Variation

Explained
25 50 75
Density independent

(e.g. Weather)

Poleward Density Dependent

Equatorward (intra & inter
A fluke is not a fluke species interactions)
Life cycle tuning
Diversity
Habitats across ontogeny

Habitats across species range v
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What happens with ¢
MAB Wintertlo

Bass
Cotuit
Great
Lewis
Stage

limate change
pperate species

Waquoit

o —

1992 1996

Synchrony scale < 50 km
7 3

1980 1985 1990 1995

2000

oo ® ®

F

—@—

O® O0W O0® 00 O O

+

©@o0
0O 00 O 00O ©
000 O 00 0w

@

2005

am

e

® 0 0 0o®

Ypuupy

1975
Year
o ° ° °
0.8 1 ° o o ) o o , 8
. o
° 2 e o 8 g o
o 8 ° 8,8 8,8 o
o ° ) 8 o o]
0.6 - ° ° o o o 8 o § 9
° ° ° ° o g g 8 1) g ] g
° o o g 8 3 g
044 NSe s o, oac®° o
. o ° ol ° g e lo o o o
ons o ° 8 , °
° NS g 8 ° o 2 ° o °
0.2 A o ol %o o o
8 |° °
8@e °
00 <] o o o
o

Control
Scale: Fine (e.g.prey) Coarse (e.g. temperaturc

2000

1991
!

~250 km

Monthly
temperature
anomaly (°C)




\\V AV Lwj| IUUJ:I

Winter Flounder

Climate change synchronizes sub-populations

Populations loose resilience provided
by habitat diversity

Center of Adult Distribution




Age diversity-shannon

Summer flounder: subtropical species
Life cycle coupling to NE? E
Overwintering survival on £
northern estuarine nurseries? g
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Nurseries
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Effects of changing climate driven seascape variation on LH processes?
Are species (de) coupling life cycles in new (old) areas?

Ecosystem effects of species/life stages gained or lost
to food/interaction webs? (i.e. Metacommunity dynamics)

What parts & times of seascape need conservation to maintain (establish)
population stability & resilience?
Conserve life cycle & habitat diversity across species range

Climate change is “habitat” change: Variables with fast-coarse “habitat” dynamics
“fragmentation” of the seascape in time



Effects of heating, harvesting & habitat loss on populations
(Experimental microcosms ~ rotifers)

% change in population size gen-'’
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